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(54) ADSORPTION HEAT PUMP 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an adsorption heat pump or a dehumidifying air 
conditioner capable of adsorbing or desorbing an adsorptive in a low relative vapor pressure 



2 

range. 

SOLUTION: The adsorption heat pump comprises the adsorptive, an adsorbing/desorbing part 
with an adsorbing material to adsorb or desorb the adsorptive, an evaporation part for 
evaporating the adsorptive connected to the adsorbing/desorbing part and a condensation part 
for condensing the adsorptive connected to the adsorbing/desorbing part. In the adsorption 
heat pump, the adsorbing material is zeolite with A) the framework density from 10.0 T/1 ,000 
&angst3 to 16.0 T/1 ,000 &angst;3; B) the pore diameter from 3 &angst; to 10 &angst; and C) 
the differential adsorption heat from 40 kJ/mol to 65 kJ/mol. 
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(57) [SJKJ] 

«*fc8ua*»<t. RBUJMHHwcaas ztitcmmwoim 

A) 7l/-A7-^WlO. OT/1, 00 0A 3 
«±16. 0T/1, OOOA'KT, 

B) ffi?L&#3 AJ&Lbl 0 AWT, *>o 

C) 4 0 kJ/mol«±6 5 kJ/mol«T\ ~C$> 
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«R###5 

A) 7U-A9-^W10. OT/1, 00 0A 3 
fcLhl6. OT/1, O0OA 3 «T ( 

B ) JNB?ia#3 AW± 1 0 AWT, *»o 

C) fta»R*Mtft*4 0 kJ/mol«±6 5 kJ/rnolJ£TF\ r& 

y\ 

immz) nmmwfi. tmmstuzo. 0 5«± 
o. 3o«tcd®h^. mtmajaE&o. ls^bofc 

i tmm 3 ] m.mm\ mtm^s. 0.05 r cdr» 

»#0. 0 5 g/gJMTr*>-5»*«lX«2«:iet8© 

IBI'Sai 5 ] tei? * 5 >f h #7 ^ 5 y y * *- h 
r**»*jsi -4<D^-rn^i^ciBKcD»»t- h 

<D^S§i, JMf»^cj:orflnJ»3ti/ca, flu IB*#R» 

A) 7l/-A7-^ffiW10. OT/1, 0 0 0A 3 
6Lbl6. OT/1. 00 0A 3 WT> 

B ) M?L&tfE3 AJ«_b 1 0 AWT, fro 

C ) ft^R3KR^4 0 kJ/moltt±6 5 kJ/molfitTr** 

[»3#18 ] tt»»W, «*f*.»ffiO . 0 5 J6Lh 
0. 3 0«TO«HCC, mmtttfflfiO. 15^fbL/c 
t»IC*<D9mwaUttfiO. 1 8 g/g«±t?*4«» 

SB. 

[If** 9] ffl*fi&»E0. 0 5r<DRS 

fi#0. 0 5fir/g«Tr*4Bl3R317Xtt8iB«©l» 

[ mm 10] tt« * y 4 b *Ht***«: T 5 - 9 
A i U > **tnf * ^ A V r * 4 C £ ZftWt t ? &Bft# 

3S7 -9 wo^m* 1 9«ciBttoiftasnsaE. 

[ffi&m i i ] is-tf*^ MfiTfcSsy t^y^- 
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CO 00 1 ] 
[0002] 

[fie^otj^] mm^-v^yy^mm^m^mc^ 

SW^RSH^RS^c fifcflrr S «K * r LtBSK 

mm* urn*. 9»tt<m§&m±urmm?zm&i 

tk«ftffifflr**fcg>, %»flHfcS*ir(r*s»iKSJt 
— h 5t?> y<Dm$mm <t u r izmmv # r , ioo°c« 
20 t. »c** 6 0 °c- 8 0 -coi&&mm<omifomm&&& 

[0 00 3 ] */c, »»t-h#>^©»ffiJIiaittBIG 

r Wfla piffi & ffitiaaKoc cfc -? r »»*tcc ^^n^ r 

^JIB^fiiftcDSBRiaStt 6 0 -c- 8 0 °cr K) , SSb 
^i>^><D^«J*CDaS«8 5 6 C-9 0°Cr*^ o -e 
ur^ipffliJ(D^#ag*>^g<o^:gii^TCc J: otg4 

4 0 m«att*©»^«^^j.^-rf#e>nsasr 

30 * ») . fcf Jl/^ffi^ft tfrtt*»«WJJI I* ft £<DM&T 

fflWJ^6 O'C-8 0 °C, Sttmft i*tCRB*r4»^{C« 
ffiUH^ 3O'C-4 0U 85°C-90 °css 

r^>4 0 co<fc^cc, »Hfc*W«Wfflt-syt«>«:w, ffi 

awj^<fcKafflijj»a8<Dfia^^/h3 < r t>«ttr*4 
[0004] mmw<Dmmmmmm>umv *>mm# 

40 3tt«s&Stf&9> *fcffiffl-rSR»«*^«CCL/rig 

«*W«r*fc»^tt«»«K^fic^**«**. *Tft 
tfilt (1) BWK*(Rir^ffl*J3SWlffir«#0 (iSa 

rR^pjsg) % ( 2 > rkss:^^ < . ( 3 ) 
n^ffitmsKvim (fiarKSpjte) tsr«w^ 

[0 0 0 5 ] Sft-h#>^ffi08»ttiLttt, - 

50 «wccs/i;*y^i(s^y*rii/5^tt©-tf*^-/ h** 
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yy'commmt bxwmrztrCtem&mmji&^+frx 
h^tc 0 ®#t- vxzsymwxu y<d\k 

mme.0. osMTv&mmmzti, o. ob£<om 

*Ttfz>&m&&&tc&>, i5o s c-2oo -commw 

[0 0 0 6] *fct- h#>77BR«SU£ ur^MrStt 
S»J CO $ -fe ; U «Jg S <t L X &m L fc y v * - ^ * * U 
(FSM-lO&i') - 1 7 

82 9 2^) *s, X. tUUZs hflJfcilffcA 1 PO.i 

^ (Wl 1 - 1 9 74 39^) JW*ttS*VCC»*. 
p< V^-^X^rU*^— (F SM - 1 0 ) ttffl 
MMO. 2 0 tO. 3 5©Kfflr»«fiMJ0. 2 
5g/gi^<, (1MB¥9 - 1 7 

8 2 9 2-Sf : 13 1 4<DV?y4 ; F SM- 1 0) 8 

mmi)mT?z>c£&imztix*$*). mxmmmt 

[0 00 7 ] 
[0 00 8 ] 

[0 00 9] t^*^©Sl«, R# 

A) 7U-A7-^ffiS^l 0. OT/l, OOOA 3 
«±16. OT/l, 00 0A 3 OT, 

B ) MAS** 3 A«_h 1 0 AJ£iT^o % 

C ) »#»»a&#4 0 kJ/mo1«±6 5 kJ/molfclT* 
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U-A7-^W10. OT/l, 000A 3 «±1 
6. OT/l, 00 0A 3 JWT, B) *ffl?L&#3 AJULh 
1 0 AfiTF^C) R#gi#4 0 IO/mol«±, 6 5 kJ/m 

[0010] 

10 [ji«(D»li(D^|] go\ *»MK:ocirj5«:»iBK: 
*2«:J:-or«5i3ii. <*> l <h <*> 2 ±©«#»ftnijfi&& 

[ooin mnnffi^H»UE0 1 =¥»sk«e (t i 

owl) /WHKSIE (Thigh) 

vmmmmsm* 2 =¥«bk«ee (tcood/t 
mmmj£ (t 1 ow2) 

tasftftigfiKT 1 0 w 1 temM%£<Dmmn<Du&z. & 
ajNUKHftT 1 o w 2 »»ta©!Wtt t Rtfc^t s 
Btc^t^i!i0ss* v ?*»tosasT coo us 

[0012] fcTF, ««K*«*r**«^©»ft3R»ffi 

0 °C©iS^, }RfBKfllEBBB» * 1 ^ * 2 = 0 . 09- 

30 o. 2 9x&& 0 mmcmummu&&6 o'com^, 

«fPtl*t*«5SlE«H«* 1^*2 = 0. 21-0. 2 

b- h*>^*K«rT4li*«:oi»r»»Hj2 0 00- 

1 4 0 6 2 5-^Cc»3NB«:BB«Snr(r^. CCD#g#^S 

02-0. 06-0. 29T£>£o 
[0.0 1 3] «±<fcO. Wi>t?>3-i;** U-^ 

*t*IMlWl-0 2=O. 05-0. 30, 3 
6CcK£-r*iK* 1^*2 = 0. 0 6-0. 2 9 <hft£ 
<b^^.6n^> 0 o^o, fln^c J: ot«W*«lEtT 
tfrRSfWCDB^T^^CC, ffl»^R«E3W0. 0 5. 
»* L < » 0 . 0 6 «±©«HTIH»**SS7 Lftwn« 
«#iU5jS-Ctt, fB^mEEO. 3 
0,W^L<«0. 2 9HT©Mr*»4Rfi*5» 

50 mtffltmSSEEO. 0 5-0. 3 OcDffiHCCfeC>-C, ttf 
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$L<«0. 06-0. 2 9©«BCCfcl>T»»*a**: 

[0 0 1 4 ] «*tf!ft3»fc- h^>^C<fct), 5. Ok 
W ( = 1 8 , 000k J) ©teJSfiB^iWSJS^co^ 

rflue-r*. ccr, 5. o kwt**jssiai#wsi 6 
xr *®^BflMU*tt2 5 o 

OkJ/kg^^ ^#<DW9S;11f->r 1 0 

# (6h/b#^) t?z>±. mmw&o. ug/gt 

R«H*B6. 7 kgi&gift&o 
IXkg= 1 8 0 0 0 kJ/(2 5 0 0 kJX0. 18 
kg/kgx6@/hr) =6. 7kg e HHttCSR#S 
#0. 15g/gr*ii8kgie*i«cS. Jfc.ffl 

*;U#6# ( 1 OH/KSfH) <tfr£<h0. 1 
8g/gr*^4. 0kg, 0. 15g/g-C*^ 
t§^4. 8kgift5. «*WMHr>Hjai>#, 

/ccc mm? & cc <* o^b^ <, 

K*a* 5 0. 18g/gHL $ 
&KB0. 2 0g/gi^±(D®fW^Ul^#i6 

3*p*>, »3»K«««tlyr«aM5t 

[0016] tTF, *#6^©»»t- HsJO^CCfflC^ 

T/l, 0 0 0A 3 «116. 0T/1, 0 0 0A J H 
T\ ff*L<B10. 0T/1, 0 0 0A 3 «±15. 
0T/1. 0 0 0A 3 «Tr**. CCt7U-A9- 
*tt«£B, Hf*^ hCDl. 0 0 0 A 3 &fc0<£>$^ 

[0 0 17]gp*>, 7U-A7-^««ttJNB?LS*4« 

t§I^^<^^ 0 :7U-A7-^fflg# 1 6. 0T 
/l, 0 0 OA 3 <fe0**C^»»nIttttli7LSa^/h 
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U-A7-«^10. 0T/1, OOOA 3 J:0/h 

[0 0 1 8 3ft, I Z A CD Atlas Of Zeolite Structure 
Types (1996, ELSEVIER) V U -A 7 - 

<omm. jNH?Lg#K«83*iTc>£. ±ta^u-Ay-^ 

WKiffifc-r-tftf^'f rCDttfjgctOTB, I ZAWmito 
10 ^n-KT^ti, AFG, MER, L I O, LOS. 
PHI, BOG, ERK OFF, PAU, EAB, A 
FT, LEV, LTN, A E I , AFR, AFX. GI 
S, KFI, CHA, GME, THO. ME I , VF 
I, AFS, LTA, FAU, RHO, DFO, EM 
T, AF Y, *BEA*W*!J, #S U< BAE I . G 
IS, KFI, CHA, GME, VF I , AFS. LT 
A, FAU, RHO, EMT, AFY, *BEA#W 

[0 0 1 9 ] X, VXvA hOHKSB, International 
20 Zeolite Association(IZA)^^fe^42^^ 4 hffjg&Cte 
WCHASS, AE IfllJSXBER I 
*U b&&£Ll,\ ft, «7^F©«l«i*XR 
D (©5KXjKia»tCcfc0XR^^^-->*.»JffiU Co 
llection of Simulated XRD 
Powder Patterns For Zeol 
ite (1 99 6, ELSEVI ER) CCffit££ft/cX 

[0 02 0 ] ft, ±IB«^CCR6-r, 7U-A>7-*SB 

30 r»jgcc^fflr#&<t#*6ft£ 0 *sw©!Rftt<D» 

?LSB3 AfcLbl 0 AferpC3>& 0 *T4>, 3A«±, 
8A«T##*L<. 3AH±. 7. 5A£IT#»*L/ 
l> 0 »IB?LS^1 OActO^t^iBWi-r&tBStSS-C 
»»*«iac6&:<«c&fc«&^ia"C*»3, *B?LSW*3AJ: 

**tHf*^-fK BKtt, iBMctfr&TnU ALPOi 
SUStiST^l/S Kc*$i>T, C<Dffittffi 

mm-c$>z>. 

40 [0 0 2 1 ] MK, *«WO»»t*Ba»!»«»*H o 
kJ/mo l£t±6 5kJ/mo 1«TT&& 0 BP*. 
1 0 0T!HT©ll(«riair*se**ft4«»t- htf 

> ^ac^i»aa««ai©»«»r bb» u c £ *> 

&4Citt&<, 40kJ/mo 1«±"C&& 0 X, m 
50 or, *©W»iW»«±. 6 5 k3/taoHUToa»«HH» 



zmrvtu hfim£Li\ a»»»j»« % mtzzm 
s^fftH-r*. ^-0^2 5°c<t4 0 ,> C(Dz:?asrK* 

ternational Zeolite Association (I Z A)<D£SaeCC<£ 

&t;i^ ^7^7 *- SIffcALPO 

[0 0 2 3] *»?BTfljC> Ll>flt»tt©*f* 
C?liltALPO-34, ALPO-18, ALPO- 

i7^tfe>n, frz:#^««:Jf*bc^ alpo-3 

4(JCHAI(7U^A7-^fS=14. 6T/1, 

0 0 0 A\ MAS 3. 8x3. 8A)<EHr*<7-(K 
ALPO-18^AE 11 (7 U-Ay-^3g@[= 1 20 

4. 8T/1, 0 0 0A\ ffl?LS3. 8X3. 8 A) 
©■l2t7^F, ALPO-17(iERIf (71/-A-7 
-*«K=15. 7T/1 00 0A 3 1?LI3. 6x 

5. IaJM^/FT^o 

[0 02 4] jS6C, ffl>Et^ 
BE 0 . 0 5 «± 0 . 3 0 WTOffiHCC , tB*t^Jtffi# 
0. 1 59E{tOfei*CC*©iR#«^0. 18g/ 
firJBAJb. #*0<tt0. 2 0 

0. 0 5a±0. 2 0«T<D8SHK:, «»JKftlE*S0. 30 

1 Smt\stc±Zfcfo<DWmW&iW0. 18g/g& 
±, #35L<ttO. 2 Og/fiT Jm±t?**tB3^K«EE« 

[0 02 5 ] ^ffiBomRO 1 oJi±iB»tt*WS-*» 

[0 02 6] J«T. ±EUte»#»*fl3li**»l80» 
*b-h#>^*)fc«|^^*B<ofpffl«:oc>r, H 
lCCBB*R0fe«««JSROi(«tb- h#>^CCj:5ft#W 
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b- h t^<D8fc§:@2rS 1 &C^T„ B 1 KtST 

»©«»CC J: Off 6 nfc»H»*J*«B^K 0 ffl-T^aS 4 

[o 02 7 ] 04tc^-rcri< , ti/cas 

1 SCf 2 » % RttKE* 3 0 icj: Y) fflS(c«««* 
h, ttRMGff 3 0 CCtt(W»/^^3 1-34 «rR^ 
CC~C, Rim«iK*KE*I^TR*KC[^K«Sft: 

iiei3 0KBiM4R(7m5««tt3tirC) 
*. B»«ia^2«3K»«4, »t«5(Dm(C^J(C 

r^sn^«««*jiw»4ccR"rfc»©RLHi3 

«c*»tK©AP, ltt«g«5CC*t-r4?ft*lWc© 
APT**. flff4 2M5 2 »**tl**l»*atf»ai. - 
*(DfctiPr&£ 0 ^tK1BW4 1M4 2fctt % W. 

W^fffl (SHSM) 4(IKJ(H-Ste»©Srt«3 0 0 
6. ^7jc«:«3g-rs?J<>^3 0 l*WJ*3hTt»S. 
[0 02 8] *fc, R#JSl CUSSES 1 ^# 

i iat>*2 icc«, -enfti^^iA^^i 1 5^ 

1 1 6*t>*0C2 1 5 SCX 2 1 6^»Wt*4, Sfc. & 

*«w»*»-r. mw«. decree 3 tvr. rsh^cdr 

[0 02 9 ] a*»«jo»^^^i 1 5, 116, 2 

1 5 V 1 6<DmmiC£K>. AP 1 1 3&tf/Xtt 

2 1 3J:0 2gA3ft, «R3|Wiiaff/Xtt2*»l 
U BP1 1 4RCF/OU*2 1 4J:9»W3*i4. 
*tBI«O«J0eiL^^^l 15, 116, 2 15, S 
c>*2 1 BOIIBHCCJ:!^ API 1 I»ff/Xtt2 1 1 J: 
9»A3*i. &QR#glRt>VXtt2£ffifiU mpi 
1 2M/X«2 1 2 J:01tfi^e fl *fc. (R«iB« 
1 lROVOa*2 1 cct*, H^L/ttC^3m»iJR3aftpI 

- b >tt 3 x * v - i > a >^*>' J: JBB «t tt 
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[o o 3 o ] hi zm^xmM&t- btfyyomMiJi 

0„ £/c, WK>mz-Jm7l 15, 116, 2 15, R 
t>*2 1 6*«!fPU l^^'l UC«ffl**, *U«^ 

&*2 0-4 5°C, MCC5?*L<«3 0^4 0 # C) 

S 4 cc *$ t, > r te*?ifcofU trntc *f js l , IP ft #M 

Hffi* 6 02 ( c c r * 2 t*^«tr £ 

<tzz>frh-ci>z. *2«awma»tcj:DacaK5er 
sc<b3wr#*3&«, </>2cc*j^4iR3»*^a»o. 20 

[0 0 3 2] w^nmc^^mm 1 «a»4 0-10 

0 8 C, »*0<«5 0-9-8*C. IfC*fiL<tt60- 
9 5 'CQffljMc J: 0 flnf&3 ft, iiJiBfiK«Bte»JC£Lfc 

«J8 3 ftT* *ttRLK«3 

3ftSMttt <ffl*> &ft&OHft^6M*ffitB»3KAE 
01 (c cr* 1 «^*P7K<Djagcc*j^4K3eHW* 40 
**EE*. H£(c«ffl3ti&MW <■*) 
!R*»OTaKR»Eri»rc<5:«:J:0 3R»i) #ifcffi3 

*«»3E»E «fc D^3<ttft*9 WET ZCt 

am £h,k h l, 01 3&j*»ib rffl5&r 4 

0 HC*jWS«»S^iIS0. 0 6fcTF\ 
»*U<«0. 0 5ttTittSS^frr8ft*t- 50 
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*2tc*j^S»3*»©R»«iC[>^, ®^0. 1 8 g 
/*6LL JfiFSKttO. 2 0g/gHL 3 6fc#* 

u<teo. 2 5g/g«±<t^Scfc ; 5^aiK*r^ 0 «_t 
*witTar*s. 

[0 0 3 3 ] ^C©»2ffSrW 1 ®«*§ 1 *JRfII, 
e»«2OT*£lH±tt*«fc5«:-, *0»m;p^3 1-3 
4RO^^S^^;^l 15, 1 16, 2 15, 
letfflOWSCit, RW(C3KRS4^6«M. IP 

ft»wai**»sc4**c*«. «±©»iatf»2i 

[0 0 34] &*5, CCr«2ScD©Si#^r^gL,/cil 
It 

[0 03 5 ] 

[XMM] JHT\ IOfc«CcJ:i3**93*JSCc*#WK:Bi 

^JSffl|fC<tOIR5e3n-5fe(Z>'C«3Ccl»o 
£JS0U ALPO-34©^ 

A L PO — 3 4 ^rMlcroporous and Mesoporous Materia 
Is 30, (1999), 145-153&C Ltc& -z>X&f&Ltc 0 
[0036] 85%»J>i7. 7 gr<h7k2 0 gCDfg^C 
^-v>fh4. 6g (2 5%#*) *JJ0*. HQNHRttU 
fc. CtlCC*Jb*U>7. 2 5gi^k3 8. 4g©S?S 
3 6{C4 7»7y{bjc«*««*^r 3B*H 
cti*7~yu> (MM) rt«0©^f > 
h^u-^Kftii*. 2 0o°cnoaM 

8fcU/c 0 *8t RMU 5 6 0°C6B#Pdl 

^mM«T^fi£*r ^^tc J: D , A 1 P O - 3 4 £f#fc, 
C<DV*U h©XRD^i»JSL//c<bC6, CHAig 

^^2 ALPO-18CD^ 
ALPO-1 8«tt£^Fl - 5 7 04 liCU/c^ot^ 
^S0/c o 85°/o'J>Kl6. lgi*3 0g©«^ 
-7>fh9. 5 2g (2 5%g*) lB#r^Sff 
Lfco cnCC3 5%f- h7Xf^7>^^At KP* 
^F*»jR3 9. 3 8 g, 3 1%imt2. 2 7g^Q 

^»*- h ^U-^tCtti&*, 1 5 0°C1 4Bra»^U 
/c 0 **, Kttl/. 5 6 0°C6B#r^« 

«SKT«aE-r4*tC<fci3, ALPO-18Wco CCD 
•fe*^^^ t<DXRDZM7£Ltc£CZ, AEI«jft"C* 

*JteWi-2 

^wioalpo-34 (.nmmi) . ^)««2©a 

LPO-18 (|Hfi«2) CCOl^r, JKTO*ffir25 



[0037] 
<**) ) 



H 
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: 5 0 U 
: 2 5 °C, 

: 3. Otorr, 

: 0, 

: 2 3 . 7 6 mmHg, 
: 5 0 0 5# B 

[0038] ALPO-3 4CD2 5°CRt>*4 O'CtCtett 

0. 05-0. 2 0 (D^Sfg^fbSte 0 . 24g/gt 
ALPO-34©7l/-A9- 
*fflK«14. 6T/1. 0 0 0 A\ fflJLStt 3 . 8 
X3. 8A^^ fl X. 02CC^T2 5°Ci4 0'Cr(D 

[0039] ALPO-1 8<D!R*aK2 S'CCCfctt* 

♦BW3BWBE 0.08 ft ifir^K*^*»* lt*s 
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